Bending Characteristics of Open Cell Polymer Foam Sandwich Structure  by Narayanaswamy, K.S. et al.
 Procedia Materials Science  5 ( 2014 )  1906 – 1914 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.512 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
%HQGLQJ &KDUDFWHULVWLFV RI 2SHQFHOO 3RO\PHU)RDP6DQGZLFK
6WUXFWXUH
.61DUD\DQDVZDP\D +19LG\DVDJDUE 1 5DQDSUDWDS5HGG\F
DF 5HYD,QVWLWXWHRIWHFKQRORJ\DQG0DQDJHPHQW%DQJDORUH ,QGLD
E8QLYHUVLW\9LVYHVZDUDLD&ROOHJHRIHQJLQHHULQJ%DQJDORUH ,QGLD
$EVWUDFW
7KH DLP RI WKLV DUWLFOH LV WR LQYHVWLJDWH WKH HIIHFW RI D NLQG RI SRO\PHU IRDP DQG VNLQ RQ  EHQGLQJ EHKDYLRU RI RSHQ FHOO
SRO\PHU IRDP EDVHG VDQGZLFK VWUXFWXUHV XVLQJ WKUHH SRLQW IOH[XUDO WHVWV  7KH IOH[XUDO WHVW KDV FRUH VKHDU VWUHVV IDFH VKHHW
EHQGLQJVWUHVVDQGDOVREHDPGHIOHFWLRQVZHUHFRQVLGHUHGIRUVWXG\LQJEHQGLQJ EHKDYLRXU RIWKHVDQGZLFKVWUXFWXUH7KHUHVXOWV
VKRZ WKH SRO\PHUSRO\PHU FRUHGSRO\PHU333 VDQGZLFK KDV PD[LPXP EHQGLQJ VWUHQJWK FRPSDUHG WR RWKHU ILYH VDQGZLFK
VWUXFWXUHV)DLOXUHPHFKDQLVPVRIWKHIUDFWXUHVVSHFLPHQZHUHVWXGLHGWKURXJKVFDQQLQJHOHFWURQPLFURVFRS\ZKLFKUHYHDOVWKDW
GHODPLQDWLRQVWDUWVDWLQWHUIDFHEHWZHHQFRUHDQGVNLQRIWKHVDQGZLFKVWUXFWXUHWKRXJKLQLWLDWHGDWWKHPLGGOHRIWKHSRO\PHUFRUH
ZKHQREVHUYHGEHWZHHQWKHWHQVLOHDQGFRPSUHVVLYHUHJLRQV 7KHSRO\PHUVDQGZLFKHVIDLOHGSUHGRPLQDQWO\GXHWRIDFHFRUHGH
ERQGLQJZLWKD ODUJHVFDWWHUDWD PHDVXUHGSHDN ORDGDQGFURVVKHDGGHIOHFWLRQ 7KHEHQGLQJGDWD LVYHU\XVHIXO IRUGHVLJQLQJ
VDQGZLFKEHDPVZLWKOLJKWZHLJKWDQGPXOWLIXQFWLRQDODSSOLFDWLRQV
.H\ZRUGV3RO\PHUIRDPV6DQGZLFK6WUHFWXUHV'HERQGLQJ%HQGLQJ0HFKDQLFDOSURSHUWLHV
&RUURVSHQGLQJDXWKRU7HO)D[(PDLOQDUD\DQVZDP\V#JPDLOFRP
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ &RPPLWWHHRI$00(
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1907 K.S. Narayanaswamy et al. /  Procedia Materials Science  5 ( 2014 )  1906 – 1914 
 ,QWURGXFWLRQ
6HYHUDO W\SHV RI OLJKW ZHLJKW SRO\PHU FRPSRVLWHV DUH EHLQJ GHYHORSHG IRU XVH LQ DSSOLFDWLRQV UDQJLQJ IURP
DHURVSDFH VWUXFWXUHV PDULQH FRQVWUXFWLRQ RI EXLOGLQJ VWUXFWXUHV VSRUW LQGXVWU\ WR DXWRPRELOH FRPSRQHQWV
+RZHYHU KROORZ IRDPFRPSRVLWHV RU V\QWDFWLF IRDPV KDYH UHFHQWO\JDLQHG D ORW RI DWWHQWLRQ DV WKH\SURYLGH WKH
VDPH VWUHQJWK FKDUDFWHULVWLFV DQGPXFK ORZHUGHQVLW\ WKDQ WKDW RI WKH VROLG IRDP+RZHYHU VHYHUDO VWXGLHVKDYH
EHHQIRFXVHGRQWKHIDEULFDWLRQRI SRO\PHUIRDP%XWRQO\DIHZUHVHDUFKHUVKDYHZRUNHGRQWKHSHUIRUPDQFHRI
ORZFRVWRSHQFHOOSRO\PHUIRDPEDVHGVDQGZLFKVWUXFWXUHV7KHREMHFWLYHRIWKLVUHVHDUFKZDVWRIDEULFDWHRSHQFHOO
SRO\PHUIRDPVDQGZLFKVWUXFWXUHXVLQJWKHVDPHIRDPDQGWKHLU FKDUDFWHUL]DWLRQ RQ EHQGLQJVWUHQJWK 
%\VDQGZLFKLQJDORZGHQVLW\FRUHEHWZHHQVWLIIIDFHVKHHWVHIIHFWLYHO\SURYLGHDOLJKWZHLJKWVWLIIHUDQGVWURQJHU
VDQGZLFK VWUXFWXUH 7KH IDFH VKHHWV DUHEDVLFDOO\XQLGLUHFWLRQDO ILEHU UHLQIRUFHG ODPLQDWHG FRPSRVLWHVZKLOH WKH
FRUH LV D WKLFN OD\HU RI ORZGHQVLW\ PDWHULDO OLNH IRDP RU D KRQH\FRPE PDWHULDO>@7KH FRUH PDWHULDOV ZHUH
WUDGLWLRQDOO\PDQXIDFWXUHGXVLQJVWRFKDVWLFPHWDORUSRO\PHUIRDPV>@FRUUXJDWHG>@KRQH\FRPE >@DQG
WUXVVPDWHULDOV>@ 7KHVH FRPELQDWLRQVRI SURSHUWLHV DUHYHU\LPSRUWDQWLQWKHGHYHORSPHQWRI PDQ\ FRQWHPSRUDU\
YHKLFOHVDQGVWUXFWXUHV 6DQGZLFKVWUXFWXUHVJHQHUDOO\DOORZ DQDGGLWLRQDOZHLJKWUHGXFWLRQZLWKRXWMHRSDUGL]LQJWKH
VWUHQJWK DQG SHUIRUPDQFH RI WKH VWUXFWXUH E\ XVLQJ ILEHU UHLQIRUFHG FRPSRVLWHV LQ LW +HQFH VDQGZLFK VWUXFWXUHV
PDGHRIILEHUUHLQIRUFHGFRPSRVLWHVDUHDWWUDFWLYH IRUEXLOGLQJXOWUDOLJKWDQGKLJKVWUHQJWKFRPSRQHQWVVSHFLDOO\IRU
WKHDHURVSDFHLQGXVWU\DQG ILJKWVWUXFWXUHV>@ /DUJHUVL]HGPDVVSURGXFHGVDQGZLFKSDQHOVKDYHPDQ\SRWHQWLDO
DSSOLFDWLRQVLQEXLOGLQJODUJHVFDOH VWUXFWXUHV ,QDGGLWLRQWKH\DUHHQHUJ\DEVRUEHQW>@
7KH VWXG\ RQ EHQGLQJ SURSHUWLHV LV YHU\ LPSRUWDQW LQ GHVLJQ RI OLJKWZHLJKW VDQGZLFK EHDPV 7KHUH LV PXFK
OLWHUDWXUHLVDYDLODEOHSHUWDLQLQJWREHQGLQJEHKDYLRU RIVDQGZLFK EHDPVZLWKYDULRXVNLQGVRIFRUHV/LXHWDO
SUHVHQWHGDVHPLDQDO\WLFDOPHWKRGIRUWKHEHQGLQJ DQDO\VLVRIVDQGZLFKSDQHOVZLWKVTXDUHKRQH\FRPEFRUHV -LQHW
DO FRQGXFWHGEHQGLQJWHVWVLQRUGHUWRUHYHDOWKHPHFKDQLFDOSURSHUW\DQGWKHIDLOXUHPHFKDQLVPRILQWHJUDWHG
ZRYHQ FRUUXJDWHG VDQGZLFK FRPSRVLWHV =RN HW DO  UHSRUWHG D SURWRFRO IRU FKDUDFWHUL]LQJ WKH EHQGLQJ
SHUIRUPDQFH RIPHWDO VDQGZLFK SDQHOV ZLWK S\UDPLGDO WUXVV FRUHV9DOGHYLW HW DO SUHVHQWHG WKH RSWLPLVHG
UHVXOWV UHJDUGLQJVDQGZLFKSDQHOVZLWKSULVPDWLFFRUHVXQGHUEHQGLQJORDG5DWKEXQ HWDO KDYHLQYHVWLJDWHG
WKHEHQGLQJ EHKDYLRXU RIOLJKWZHLJKWPHWDOOLFVDQGZLFKVWUXFWXUHVZLWKWHWUDKHGUDOWUXVVFRUHV7\SLFDOO\FRUHVDUH
WKHZHDNHVWSDUWRIVDQGZLFKVWUXFWXUHVDQGWKH\IDLOGXHWRVKHDU 6HQGOHLQHWDOUHSRUWHGWKDWXQGHUVWDQGLQJ
WKHVKHDUVWUHQJWKSURSHUWLHVRIVDQGZLFKFRUHSOD\VDQLPSRUWDQWUROHLQWKHGHVLJQRIVDQGZLFKVWUXFWXUHVVXEMHFWHG
WRIOH[XUDOORDGLQJ)URVWLQJHWDO 7KHUHIRUHWKUHHSRLQWEHQGLQJWHVWVDUHRIWHQSHUIRUPHGWRILQGWKHIOH[XUDO
DQG VKHDU ULJLGLWLHV RI VDQGZLFKEHDPV  )DQ HW  DO KDYH UHSRUWHG WKHEHQGLQJSURSHUWLHV RI  NDJRPHDQG
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7KUHHSRLQWEHQGLQJ WHVWZDVDSSOLHG WR WKHVDQGZLFKVWUXFWXUHV LQRUGHU WRHYDOXDWH WKHFRUHVKHDUVWUHVV IDFH
VKHHWEHQGLQJVWUHVVDQGVDQGZLFKEHDPGHIOHFWLRQYDULDWLRQLQDFFRUGDQFHZLWKWKHGHIOHFWLRQ)LJXUH VKRZV(((
VDQGZLFKVSHFLPHQ FRUHVKHDUVWUHVVHVDWWKHSHDNORDGDQGVDQGZLFKEHDPGHIOHFWLRQGHFUHDVHDIWHUWKHSHDNORDG
6DQGZLFKVWUXFWXUHIDFHVKHHWEHQGLQJVWUHVVDVDIXQFWLRQRIWKHGHIOHFWLRQLVJLYHQ)LJXUH VKRZV((3VDQGZLFK
VSHFLPHQFRUHVKHDUVWUHVVHVDWWKHSHDNORDG DQGVDQGZLFKEHDPGHIOHFWLRQGHFUHDVHDIWHUWKHSHDNORDG6DQGZLFK
VWUXFWXUHIDFHVKHHWEHQGLQJVWUHVVDVDIXQFWLRQRIWKHGHIOHFWLRQLVJLYHQ)LJXUH  VKRZ3(3VDQGZLFKVSHFLPHQ
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WKHSHDN ORDGDQG VDQGZLFKEHDPGHIOHFWLRQGHFUHDVHDIWHU WKHSHDN ORDG6DQGZLFKVWUXFWXUH IDFH VKHHWEHQGLQJ
VWUHVVDVDIXQFWLRQRIWKHGHIOHFWLRQLV JLYHQ)LJXUH VKRZV(33VDQGZLFKVSHFLPHQFRUHVKHDUVWUHVVHVDWWKHSHDN
ORDGDQGVDQGZLFKEHDPGHIOHFWLRQGHFUHDVHDIWHUWKHSHDNORDG6DQGZLFKVWUXFWXUHIDFHVKHHWEHQGLQJVWUHVVDVD
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IXQFWLRQRIWKHGHIOHFWLRQLVJLYHQ 6WUHVVYDOXHVLQFUHDVHOLQHDUO\LQWKHHODVWLFUHJLRQ0D[LPXPVWUHVVZDVDSSOLHG
DWWKHPLGVSDQLQWKUHHSRLQWEHQGLQJFRQILJXUDWLRQ$ERYHWKHPD[LPXPVWUHVVWKHFRPSRVLWHOD\HUVGHODPLQDWH
DQG IDLOXUHRFFXUV7KH ORDGLQJ LQ WKHEHQGLQJ WHVW FRQVLVWVRI FRPSUHVVLRQ IRUFHV7KHGHODPLQDWLRQ VWDUWVDW WKH
PLGGOHRIWKHVSHFLPHQEHFDXVHRIWKHPD[LPXPEHQGLQJPRPHQWLQWKHPLGGOHVHFWLRQRIWKHWHQVLOHVXUIDFHILEHU
UXSWXUHRFFXUUHG
)LJ  )DFHVKHHW EHQGLQJ VKHDUVWUHVV DQG 6DQGZLFK EHDPGHIOHFW LRQ DVDIXQFWLRQRI
GHIOHFW LRQRIHSR[\IRDPEDVHGVDQGZLFKVSHFLPHQ IRU(((VSHFLPHQ
)LJ  )DFHVKHHW EHQGLQJ VKHDUVWUHVV DQG 6DQGZLFKEHDPGHIOHFW LRQ DVDIXQFWLRQRI
GHIOHFW LRQRIHSR[\IRDPEDVHGVDQGZLFKVSHFLPHQ IRU((3 VSHFLPHQ
)LJ  )DFHVKHHW EHQGLQJ VKHDUVWUHVV DQG 6DQGZLFKEHDPGHIOHFW LRQ DVDIXQFWLRQRI GHIOHFW LRQ
RIHSR[\ IRDPEDVHGVDQGZLFKVSHFLPHQ IRU3(3VSHFLPHQ
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)LJ  )DFHVKHHW EHQGLQJ VKHDUVWUHVV DQG 6DQGZLFKEHDPGHIOHFW LRQ DVDIXQFWLRQRI
GHIOHFW LRQRIHSR[\IRDPEDVHGVDQGZLFKVSHFLPHQ IRU333VSHFLPHQ
)LJ  )DFHVKHHW EHQGLQJ VKHDUVWUHVV DQG 6DQGZLFKEHDPGHIOHFW LRQ DVDIXQFWLRQRI GHIOHFW LRQ
RIHSR[\ IRDPEDVHGVDQGZLFKVSHFLPHQ IRU(3(VSHFLPHQ
)LJ  )DFHVKHHW EHQGLQJ VKHDUVWUHVV DQG 6DQGZLFKEHDPGHIOHFW LRQ DVDIXQFWLRQRI GHIOHFW LRQ
RIHSR[\ IRDPEDVHGVDQGZLFKVSHFLPHQ IRU(33VSHFLPHQ
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)LJ 6KHDU VWUHVV  )DFH VKHHW  EHQGLQJ DQG 6DQGZLFK EHDP GHIOHFW LRQ 3HDN ORDG   7\SH RI
PDWHULDOSRO\HVWHUDQGHSR[\IRDPEDVHGVDQGZLFKVSHFLPHQ 
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'HODPLQDWLRQ ZDV REVHUYHG RQ ERWK WHQVLOH DQG FRPSUHVVLYH VXUIDFHV RI WKH VSHFLPHQ¶V ILEHU IDLOXUH ODUJH
GHIOHFWLRQZDVDFKLHYHG7KHVWUHVVGHIOHFWLRQFXUYHKDVDOLQHDUSRUWLRQDWWKHEHJLQQLQJ2QWKHRSSRVLWHVLGHWKDW
LV XQGHU WHQVLRQ WKH FRUH UHPDLQHG SHUIHFWO\ ERQGHG WR WKH IDFH VKHHW 7KH SRO\PHU VDQGZLFKHV IDLOHG
SUHGRPLQDQWO\GXHWRIDFHFRUHGHERQGLQJZLWKDODUJHVFDWWHULQPHDVXUHGSHDNORDGDQGFURVVKHDGGHIOHFWLRQDW
IDLOXUH 7KH\ DOVR VKRZHG YHU\ OLPLWHG QRQOLQHDULW\ LQ VWUHVVGHIOHFWLRQ UHVSRQVH 7KH QRQOLQHDULW\ LQ WKLV
DUFKLWHFWXUHLVSULPDULO\GXHWRIDFHVKHHW\LHOGLQJDVZHOODVGHERQGLQJEHWZHHQWKHSKDVHVRIWKHLQWHUSHQHWUDWLQJ
FRPSRVLWH IRDP FRUH >@ )URP)LJXUH LW LV LQIHUUHG WKDW WKH 333 SRVVHVV DV KLJKHU YDOXH RI EHQGLQJ VWUHVV
FRPSDUHGWRILYHVSHFLPHQV7KHEHQGLQJVWUHVVRIVDQGZLFKVWUXFWXUHLV1111DQG
1PRUH WKDQ3(3(33(3(((3DQG(((UHVSHFWLYHO\((3SRVVHVVKLJKHUYDOXHRI FRUH VWUHVVDQGVDQGZLFK
EHDPGHIOHFWLRQFRPSDUHGWRRWKHUVDQGZLFKVSHFLPHQ
 &RQFOXVLRQV
*ODVV ILEHUFRPSRVLWHVDQGZLFKVWUXFWXUHVZLWKRSHQFHOOSRO\PHU IRDP FRUHVKDYHEHHQ IDEULFDWHG DVSHU WKH
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VKHDU VWUHVVHV 7KH333 VKRZVPD[LPXPEHQGLQJ VWUHVV DQG(3( VKRZV ORZHVW EHQGLQJ VWUHVV  7KH VDQGZLFK
GHIOHFWLRQFDXVHVGXHWRSRO\PHUIRDPFUXVKLQJDQGWKHFUDFNLQLWLDWHGEHWZHHQWKHIRDP7KHOLWWOH GHERQGLQJFDQ
EHVHHQEHWZHHQVNLQDQGIRDP
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